Searching PAJ 



Best AvailableGopy 



1/1 i? 



PATENT ABSTRACTS OF JAPAN 



(1 DPublication number : 09-087771 

(43)Date of publication of application : 31.03.1997 



(SDlntCI. 



C22C 1/02 
0220 1/02 
B22D 1/00 
B22D 17/20 
B22D 17/22 
C220 21/06 
// B22D 17/00 



(21)Application number 


07-252762 


(71)Applicant 


UBE IND LTD 


(22)Date of filing : 


29.09.1995 


(72)Inventor : 


SATO SATOSHI 








ADACHI MITSURU 



(54) PRODUCTION OF HALF-MELTED ALUMINUM-MAGNESIUM ALLOY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
producing a half-melted Al-Mg alloy capable of simply and 
easily obtaining a molded body having a fine and spherical thixo 
structure at a low cost without depending on the conventional 
mechanical stir ring method and electromagnetic stirring 
method. 

SOLUTION: While a semi-melted Al-Mg alloy M in a liq. state 
of the liquidus temp, or above having crystal nuclei or a semi- 
melted Al-Mg alloy in a solid-liq. coexistent state of the 
molding temp, or above having crystal nuclei is cooled to a 
molding temp, showing a prescribed liq phase ratio in a heat 
insulating vessel 30 having insulating effect, it is held for 5sec 
to 60min to crystallize fme primary crystals in the semi-melted 
Al-Mg alloy liq. The semi-melted alloy is fed to a die 50 for 
molding, and pressure molding is executed. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. )MpMc shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS ^^^^ ^^=^.==^.=========..=====^ 

[Claim(s)] 

[Claim 1] The manufacture approach of the half-melting aluminum-Mg alloy for pressing characterized by to 
make a primary phase detailed in liquid crystallize in this alloy liquid by holding for [ for / 5 seconds / - ] 60 
minutes, cooling to the molding temperature which shows the predetermined rate of the liquid phase in the 
heat insulation container which has adiabatic efficiency for the aluminum-Mg alloy of the liquid condition 
beyond the liquidusHine temperature which has a crystalline nucleus, or the aluminum-Mg alloy of the solid- 
liquid coexistence condition more than the molding temperature which has a crystalline nucleus. 
[Claim 2] The generation method of a crystalline nucleus is the manufacture approach of the half-melting 
aluminum-Mg alloy according to claim 1 carried out to contacting the alloy molten metal held in the degree of 
superheat to liquidusHine temperature at less than 300 degrees C on the front face of the fixture of 
temperature lower than the melting point of this alloy. 

[Claim 3] The fixture contacted to a molten metal is the manufacture approach of a half-melting aluminum-Mg 
alloy according to claim 2 of considering as a metal fixture, the fixture made from a nonmetal. the metal fixture 
that applied the nonmetal material containing a semi-conductor to the front face, or the metal fixture which 
compounded the nonmetal material containing a semi-conductor, and having enabled it to make this fixture 
cooling from the interior or the exterior of this fixture. 

[Claim 4] The claim 1 publication to which it is supposed that vibration is given to the aluminum-Mg alloy 
molten metal which contacts either a fixture or a heat insulation container and both in generation of a 
crystalline nucleus, or the manufacture approach of a half-melting aluminum-Mg alloy according to claim 2. 
[Claim 5] The claim 1 publication which used the aluminum-Mg alloy as the hypoeutectic aluminum-Mg alloy 
containing Mg below the maximum solid-solution limit, or the manufacture approach of a half-melting 
aluminum-Mg alloy according to claim 2. 

[Claim 6] The manufacture approach of the hall^melting aluminum-Mg alloy according to claim 5 which used 
the aluminum-Mg alloy as the aluminum-Mg alloy which added 0.3% - 2.5% for Si. 

[Claim 7] The claim 5 publication which used the aluminum-Mg alloy as the aluminum-Mg alloy which added Be 
0.0005% to 0.003%, or the manufacture approach of a half-melting aluminum-Mg alloy according to claim 6. 
[Claim 8] The claim 5 publication which used the aluminum-Mg alloy as the aluminum-Mg alloy which added Ti 
0.005% to 0.3% for B 0.001% to 0.02% thru/or the manufacture approach of a half-melting aluminum-Mg alloy 
according to claim 7. 

[Claim 9] The manufacture approach of a half-melting aluminum-Mg alloy according to claim 8 of filling a direct 
heat insulation container with the aluminum-Mg alloy molten metal which held the degree of superheat to 
liquidus-line temperature at less than 100 degrees C. without using a fixture. 
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DETAIL ED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The aluminum-Mg alloy of the liquid condition beyond the liquidus-line temperature 
which this invention requires for the manufacture approach of a half-melting aluminum-Mg alloy, and has a 
crystalline nucleus especially. Or the aluminum-Mg alloy of the solid-liquid coexistence condition more than 
the molding temperature which has a crystalline nucleus is set in the heat insulation container which has 
adiabatic efficiency. By holding for [ for / 5 seconds / - ] 60 minutes, it is related with the manufacture 
approach of the half^melting aluminum-Mg alloy for pressing of generating a detailed primary phase in liquid, 
cooling to the molding temperature which shows the predetermined rate of the liquid phase. 
[0002] 

[Description of the Prior Art] The CHIKUSO cast method is a technique which has an advantage, like there are 
few casting defects and segregations compared with the conventional casting, a metal texture is uniform, and a 
:M»(c:Me3M^ and a molding cycle have a short mold life, and attracts attention recently. The billet used in this 
fabricating method (A) is characterized by the balling-up organization obtained by carrying out machine 
churning and electromagnetic stirring in a half^melting temperature field, or using the re crystallization after 
processing. On the other hand, how to carry out half-melting shaping using the material by the conventional 
casting is also learned. This is the approach (B) of adding 2r. in order to produce and cheat out of a still more 
detailed crystal in the Magnesium alloy which is easy to generate equiaxed grain, and the approach (C) of using 
a carbon system detailed-ized agent. Moreover, it is an approach (D) to add the former for an aluminum-5%Ti- 
1%B hardener twice to about 10 times as a detailed-ized agent in an aluminium alloy, and is the approach of 
heating the material obtained by these approaches in a half-melting temperature region, making a primary 
phase spheroidize. and fabricating. Moreover, after heating comparatively quickly to the temperature near the 
solidus line to the alloy within a solid-solution limit, in order to make temperature of the whole material into 
homogeneity and to prevent local melting, the approach (E) of heating gently and fabricating to the suitable 
temperature to which an ingredient becomes soft exceeding the solidus line, is learned. On the other hand, the 
LEO cast method (F) which fabricates it as it is is learned, without unlike the approach of carrying out the 
temperature up of the billet and fabricating it to a half-melting temperature field, generating the melt 
containing a spherical primary phase continuously, and once solidifying as a billet. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in any [ of the approach of using the agitating method 
and recrystallization ] case, the approach of (A) mentioned above is complicated, and has the difficulty that a 
manufacturing cost becomes high. Moreover, in an aluminium alloy like an aluminum-Mg alloy, only by adding a 
detailed-ized agent, the magnitude of crystal grain is about 500 micrometers, and it is not easy to obtain the 
organization of detailed crystal grain 100 micrometers or less. For this reason, although there is the approach 
(D) of adding a detailed-ized agent so much, it is [ that a detailed-ized agent tends to sediment to a blast 
furnace bottom ] industrially difficult, and cost is also high. Furthermore, by the approach of (E). after 
exceeding the solidus line, the CHIKUSO fabricating method characterized by heating gently and attaining 
homogeneity heating and balling-up of a material is proposed, but even if it heats the usual dendrite 
organization, it does not change to a CHIKUSO organization (the primary phase dendrite Is spheroidizing). And 
in order to carry out half-melting shaping also in which CHIKUSO fabricating method of (A) - (E), it is 
necessary to once solidify the liquid phase and to carry out the temperature up of the billet to a half-melting 
temperature field again, and becomes cost quantity compared with the conventional casting. Moreover, 
although it is more advantageous than the CHIKUSO cast also cost-wise and in energy in order to carry out 
generation supply of the melt which contains a spherical primary phase by the approach of (F) continuously, 
the facility-linkage with the machine which manufactures the metal raw material which consists of a spherical 
organization and the liquid phase, and the casting machine which manufactures a final product is complicated. 
This invention aims easy simple at offering the manufacture approach of a half-melting aluminum-Mg alloy of 
having a detailed primary phase for carrying out pressing, without moreover taking a complicated approach, 
without using a billet paying attention to the trouble of the above-mentioned conventional all directions 
method. 
[0004] 

[Means for Solving the Problem] The aluminum-Mg alloy of the liquid condition beyond the liquidus-line 
temperature which has a crystalline nucleus by the 1st invention in this invention in order to solve such a 



http://www4.ipdl.ncipi.goJp/cgi-bin/tran_web_cgi_eije 



06/10/25 



JP.09-087771,A [DETAILED DESCRIPTION] 



2/5 



trouble. Or the aluminum-Mg alloy of the solid-liquid coexistence condition more than the molding temperature 
which has a crystalline nucleus is set in the heat insulation container which has adiabatic efficiency. By holding 
for [ for / 5 seconds / - ] 60 minutes, it carried out to making a primary phase detailed in liquid crystallize in 
this aluminum-Mg alloy liquid, cooling to the molding temperature which shows the predetermined rate of the 
liquid phase. Moreover, in the 2nd invention, it carried out to contacting the alloy molten metal held 
[ generation method / of the crystalline nucleus in the 1st invention ] in the degree of superheat to liquidus- 
line temperature at less than 300 degrees 0 to the fixture of temperature lower than the melting point of this 
alloy. Furthermore, it considers as the metal fixture which applied to the front face the nonmetal material 
which contains a metal fixture, the fixture made from a nonmetal. or a semi-conductor for the fixture of the 
2nd invention, or the metal fixture which compounded the nonmetal material containing a semi-conductor, and 
enabled it to make this fixture cool from the interior or the exterior of this fixture in the 3rd invention. 
Moreover, in the 4th invention, we decided to give vibration to the aluminum-Mg alloy molten metal which 
contacts either a fixture or a heat insulation container and both in generation of a crystalline nucleus. In the 
5th invention, the aluminum-Mg alloy of the 1st invention or the 2nd invention was used as the hypoeutectic 
aluminum-Mg alloy containing Mg below a solid-solution limit. Moreover, in the 6th invention, the hypoeutectic 
aluminum-Mg alloy of the 5th invention was used as the aluminum-Mg alloy which added Si 0.3% to 2.5%. 
Moreover, in the 7th invention, the hypoeutectic aluminum-Mg alloy of the 5th invention or the 6th invention 
was used as the aluminum-Mg alloy which added Be 0.0005% to 0.003%. Furthermore, in the 8th invention, the 
hypoeutectic aluminum-Mg alloy of the 5th invention thru/or the 7th invention was used as the aluminum-Mg 
alloy which added Ti 0.003% to 0.3% for B 0.0005% to 0.01%. And the degree of superheat [ as opposed to 
liquidus-line temperature for the hypoeutectic aluminum-Mg alloy molten metal of the 8th invention ] was held 
at less than 100 degrees C. and it was made to flow into a direct heat insulation container in the 9th invention, 
without using a fixture. 
[0005] 

[Embodiment of the Invention] The half-melting aluminum-Mg alloy made to generate a detailed granular 
primary phase in liquid is obtained by holding for [ for / 5 seconds / - ] 60 minutes, cooling the aluminum-Mg 
alloy of the solid-liquid coexistence condition more than the molding temperature which has the aluminum-Mg 
alloy and crystalline nucleus of a liquid condition more than the liquidus line which has a crystalline nucleus to 
molding temperature in the heat insulation container which has adiabatic efficiency. The Plastic solid of a 
homogeneous organization is acquired by supplying and carrying out pressing of this alloy of this half-melting 
condition to a molding die. 
[0006] 

[Example] Hereafter, the detail of the example of this invention is explained based on a drawing. The copy Fig. 
of the microphotography which the metal texture mimetic diagram of each process which drawing 1 - drawing 
6 required for the example of this invention, showed the process explanatory view in which drawing 1 shows 
from manufacture of the half-molten metal of an aluminum-Mg alloy to shaping, and drawing 2 in the process 
explanatory view from generation of a granular primary phase to shaping, and showed drawing 3 to drawing 2 , 
and draw ing 4 show an aluminum-Mg binary-system-alloy equilibrium diagram to, and d rawing 5 shows the 
metal texture of the example of this invention, and drawing 6 are the copy Figs, of the microphotography in 
which the metal texture of the example of a comparison is shown. 

[0007] In this invention, as shown in drawing. J and .drayyi.ng..4 , first the molten metal of an aluminum-Mg alloy 
which held the degree of superheat at less than 300 degrees C to (1) liquidus line Make the fixture of 
temperature lower than the melting point of the alloy contact, and a crystalline nucleus is generated in liquid. 
Or the degree of superheat to (2) liquidus-line temperature fills the heat insulation container which has 
adiabatic efficiency directly without a fixture with the molten metal of the aluminum-Mg alloy containing the 
element to which generation of the crystalline nucleus held at less than 100 degrees C is urged, and sets it in 
the heat insulation container. To the predetermined rate of the liquid phase, it is below liquidus-line 
temperature, and many detailed granular primary phases are generated by holding for [ for / 5 seconds / - ] 
60 minutes in the condition of temperature higher than eutectic temperature or solidus-line temperature, and 
the half-melting aluminum-Mg alloy of the predetermined rate of the liquid phase is obtained. The 
predetermined rate of the liquid phase means the quantitative ratio of the liquid phase suitable for pressing. 
Die casting, By high pressure casting, such as squeeze casting, the rate of the liquid phase is 30% - 70% (at 
less than 30%. the moldability of a material is inferior) preferably 20% to 90%. Since the material is soft at 70% 
or more, handling presupposes that a uniform organization becomes difficult to get. and it is not only difficult, 
but may be 0.1% - 50% (there is **** which the ununiformity of an organization produces at 50% or more) 
preferably 0.1% to 70% by the extrusion method or the forging method. Moreover, the heat insulation container 
as used in the field of this invention is used as the metallicity container which applied to the front face the 
nonmetal material which considers as a metallicity container or a nonmetallic container, or contains a semi- 
conductor, or the metallicity container which compounded the nonmetal material containing a semi-conductor, 
and heating or cooling of the interior or the exterior of this container to this container is possible for it. 
[0008] Specifically, an activity is done with the procedure as follows. The metal M which is the perfect liquid 
into which it was put in RADORU 10 in the process [1] of drawing 2 and drawing 3 is set at a process [2]. (a) 
Flow into the container 30 (ceramic-coating container 30A) made from a ceramic which is made to generate a 
crystalline germ using the fixture 20 for cooling from a low-temperature molten metal (for the element which 
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promotes crystal nucleation if needed to be added), and has adiabatic efficiency. Or the alloy directly under 
the llquidus line poured into the heat insulation container 30 (or 30A) which has adiabatic efficiency for the 
low-temperature molten metal of melting point right above containing (b) detailed histogenesis promotion 
element directly which contains many crystalline nuclei by the approach of *** **** * is obtained. Next in a 
process [3], this alloy is held in the state of half-melting in this heat insulation container 30 (or 30A). In the 
meantime, from the introduced crystalline germ, an overly detailed non-dendrite-like primary phase generates 
([3]-a), and it grows up as a granular primary phase along with the increment in the rate of solid phase 
accompanying the temperature fall of melt ([3]-c). Thus, after inserting the metal M which has the obtained 
predetermined rate of the liquid phase in the injection sleeve 40 of dies casting like for example, [3]-d, 
pressing is carried out within metal mold cavity 50a of a die-cast machine, and mold goods are obtained. 
[0009] The difference between drawing 1 , drawing 2 , this invention shown in drawing 3 and the conventional 
CHIKUSO cast method, and LEO cast method ** is clearer than drawing. Namely, in this invention, the primary 
phase crystallized in the half-melting temperature field is compulsorily made crushing detailed neither by 
machine churning nor electromagnetic stirring like a conventional method. It crystallizes with the crystalline 
nucleus as the starting point introduced into liquid with a temperature fall in a half-melting temperature field, 
and the holding time in eutectic temperature. It is that by which the primary phase of a large number which 
grow is granulated continuously (heating maintenance may sometimes be carried out from the outside if 
needed) by the heating value which the alloy itself has. Moreover, since the process of the fritting 
deliquescence by the re-temperature up of the billet in the CHIKUSO cast method is skipped, it is a very 
simple approach. The reason for numerical limitation shown by the casting conditions set up in each process 
mentioned above, i.e., the teeming process to the fixture 20 for cooling shown in drawing 1 . generation of a 
primary phase, and each of a granulation process, granulation conditions and the 2nd invention, the 6th 
invention, the 7th invention, the 8th invention, and 9th invention is explained below. 

[0010] If casting temperature is high 300 degrees C or more to the melting point, in the case where the skin 
temperature of a fixture 20 is more than the melting point, there will be little karyogenesis of (1) crystal, the 
rate of the crystalline nucleus which remains since the temperature of the molten metal M when flowing into 
the heat insulation container which moreover has (2) adiabatic efficiency is higher than the liquidus line will 
also be low. and the size of a primary phase will become large. For this reason, the degree of superheat to the 
liquidus line makes casting temperature less than 300 degrees C. and it makes skin temperature of a fixture 
lower than the melting point of an alloy, in addition, the thing for which the degree of superheat to the liquidus 
line is made into less than 100 degrees C — moreover, it can consider as more detailed primary phase size by 
making temperature of a fixture 20 lower 50 degrees C or more than the melting point of Alloy M. There are 
two kinds in case a fixture 20 moves in the inside of the case (a molten metal is passed to the inclined fixture 
20) where a fixture 20 is made to move a molten metal M as an approach of contacting a molten metal M in 
the front face of a fixture, and a molten metal. In addition, although the fixture said here means what gives a 
cooling operation to a molten metal in case a molten metal flows down, it may replace with this, for example, 
the tubed pipe of a hot-water supply machine may be used. The heat insulation container 30 holding the 
molten metal which fell directly under the liquidus line shall have adiabatic efficiency, in order to make it the 
rate of the liquid phase which makes granular the generated primary phase and he wishes after predetermined 
time. The quality of the material is not limited, and has heat retaining property, and, moreover, what has bad 
wettability with a molten metal is desirable. Moreover, the container exterior can be made into predetermined 
ambient atmospheres (an inert atmosphere, reduced pressure ambient atmosphere, etc.) in order to prevent 
oxidation of fritting fusion gold, in using a ceramic container with permeability as a heat insulation container 30. 
Moreover, in order to plan antioxidizing. it is desirable to add Be to a metal molten metal beforehand. In 
addition, the configuration where it is not limited to tubed and was suitable for the method of fabricating 
subsequent is possible for the configuration of the heat insulation container 30. Moreover, you may make it 
supply to the injection sleeve made from a ceramic instead of a heat insulation container directly. If the 
holding time in the heat insulation container 30 is less than 5 seconds, it is difficult for making it the 
temperature which shows the rate of the liquid phase to wish to generate a granular primary phase easily. The 
granular primary phase and eutectic structure which generated on the other hand when the holding time 
exceeded 60 minutes become coarse, and a mechanical property deteriorates. For this reason, the holding 
time is made into 5 seconds - 60 minutes. In addition, it is not easy for the deformation resistance at the time 
of shaping to obtain the mold goods of good high quality in high pressure casting, if the rate of the liquid phase 
in front of shaping is less than 20%. Moreover, if 90% is exceeded, the mold goods which have a uniform 
organization cannot be obtained. For this reason, as for the rate of the liquid phase at the time of shaping, it is 
desirable to consider as 20% - 90% as mentioned above. Furthermore, by making the rate of the liquid phase of 
parenchyma 30% - 70%. it is still more homogeneous and the pressing of the shaping material of high quality 
can be carried out easily. As a means which carries out pressing, it is not limited to the high pressure casting 
process represented by squeeze casting and die casting, and the various approaches of carrying out pressing, 
such as an extrusion method and the forging method, are included. 

[001 1] If the temperature of a molten metal can be reduced, the quality of the material is not limited, but the 
fixtures 20 to which a molten metal M is contacted are metals, such as copper especially with high thermal 
conductivity, a copper alloy, aluminum, and an aluminium alloy, and since the fixture 20 by which cooling 
management was carried out so that it could moreover maintain below to fixed temperature generates many 
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Moreover, primary phase size is also large. In the example 12 of a comparison, short moreover, the holding 
time within the ceramic container 30 is acquired only for a primary phase big and rough since the rate of the 
liquid phase is high, and since the rate of the liquid phase is high, many component segregations occur. The 
example 13 of a comparison fills a direct heat insulation container with an elevated-temperature molten metal, 
and is made to solidify it as it is, and as shown in drawing 6 , many big and rough dendrite-like primary phases 
are seen. On the other hand, in the examples 1-8 of this invention, the homogeneous organization which has 
detailed granular primary phase about 100 micrometers or less suitable for pressing as shown in drawing 5 is 
obtained. 
[0015] 

[Effect of the Invention] The alloy of the liquid condition beyond the liquidus-line temperature which has (1) 
crystalline nucleus by the manufacture approach of the half-melting aluminum-Mg alloy concerning this 
invention so that clearly also from having explained above. Or the alloy of the solid-liquid coexistence 
condition more than the molding temperature which has a crystalline nucleus is set in the heat insulation 
container which has adiabatic efficiency. By holding for [ for / 5 seconds / - ] 60 minutes, cooling to the 
molding temperature which shows the predetermined rate of the liquid phase Or by contacting the alloy molten 
metal held in the degree of superheat to (2) liquidus-line temperature at less than 300 degrees 0 to the 
fixture of temperature lower than the melting point of this alloy, a crystalline nucleus is generated, detailed and 
the granulated primary phase are generated in the liquid of this alloy, and it holds to the predetermined rate of 
the liquid phase. By supplying and carrying out pressing of this alloy of a melting condition to a molding die the 
second half, it is not based on the conventional machine agitating method and an electromagnetic-stirring 
method, but the Plastic solid which has a detailed and granular organization by low cost easily simple is 
acquired. Moreover, the degree of superheat to liquidus-line temperature can generate detailed and the 
granulated primary phase similarly by pouring out directly the aluminum-Mg alloy molten metal containing the 
element to which generation of the crystalline nucleus held at less than 100 degrees 0 is urged into a heat 
insulation container without a fixture, and holding for [ for / 5 seconds / - ] 60 minutes, cooling to the molding 
temperature which shows the predetermined rate of the liquid phase. 
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DESCRPTION OF DRAWINGS . 

[Brief Description of the Drawings] 

[Drawing 1] It is the process explanatory view showing the shaping approach of the half-molten metal of the 
aluminum-Mg alloy concerning this invention. 

[Drawing 2] It is a process explanatory view from generation of the granular primary phase concerning this 
invention to shaping. 

[Drawing 33 It is the metal texture mimetic diagram of each process shown in drawing 2 . 

[Drawing 4l It is the aluminum-Mg system equilibrium diagram of 2 yuan concerning this invention. 

[Drawing 5] It is the microphotography in which the metal texture of this invention is shown. 

[Drawing 6] It is the microphotography in which the metal texture of the example of a comparison is shown. 

[Description of Notations] 

10RADORU 

20 Fixture 

30 Heat Insulation Container (Container made from Ceramic) 

30A Ceramic-coating metal vessel 

40 Injection Sleeve 

50 Metal Mold 

50a Metal mold cavity 

M Metal (molten metal) 

t Temperature 

T Time amount 
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2 

fflci^iSSiiA 1 -Mg^wsiSi^afcii-rsfeo-e* 

[0002] 

0, «jfiae*nTi/^««fl5r-a65o ctDfigjgffi (a) 
urn (B) ^i^^^mffl^ksij^^ffl-rs:^^ (c) T-a 

$fcT>»PS->i7A-&^f<:fti/^T«SSa{bl[iJi:LTA 1 
-5%T i - l%B#g^*fie3fe<D2fi5~l O^ggfi^ 

AD-rsTjffi (D) T-fe»), iine.cD:^ji{cj;D^e.nrc 

m&t^ysm (E) *^»j€>nTv^5o e^-vh* 
hs (F) *<aie>nTi^So 

[0003] 

rc (A) <oi5^\mnwpw^mmm-r^i3^(o\.^-f 

5o *fc. A 1 -Mg^ife(DJ;95S:7;l/S-'>A^K 
:^t?«5 0 0/imSg-e^t)> 1 00/imWT<OSJffl 

^aicmHBfb^f'j^jiini-rs;^}* (D) t«ae<k 

SiJft^l£li:tt»t-^-r<Xll6<Jli:ttliL<, jb^oaxh 
(A) ~ (E) Ol,>-rn(D^-^V^}gatCfeV>Tfc¥JS 

cjf^Tnxhigtc^So sfcx (F) (oysmxii. m 



(3) 

3 

[0004] 

5i3>ffl~6 05^-w«ifr5i:i:K<to. wif^Kmimm 

^B*KA 1 -Mg^^?Kft'tcSHl^-&5iii:i:Lfco t 
?^}i*> j«ffl*SSSfcj^LTj§JI!ig*3 0 0t:*MK:«g 

■rnft\ t. L < ttW7^tcg<Bi-r s a i -m g ^^tg^t 

^^2<D%0^(OA 1 -Mg^^^. HSISJJlTOMg^ 
^tfStt^sA 1 -Mg^^tLfCo ^tz. m6(D^mr^ 30 
tt, ^5©%W<D3§«SA 1 -Mg^^*, S i «:0. 
3%~2. 5%g!lnibfcAl -Mg^tLfCo $fc. 
^7 0%^T'{i, ^5<D^ia-^^6<D%W(DS«B^BA 1 
-Mg^^*. Be*0. 0 00 5%~0. 0 0 3%^ 

It. ^5©%W^I/>L^7©^W<OffiftSA 1 -Mg^ 
B^rO. 0005%~0. 0 1%, Ti^O. 0 
03%~0. 3%^j!jntfcA 1 -Mg^^ilLfco 
•C, m9<0^mX'ii. ^8cD%W<DffiJ^^BA 1 -Mg^ 

^^M^, mmmisMicicit^mmm^ i o ot:*jstc 40 

[0005] 

mmmm(OA 1 -Mg^^?r, Bf^m^wrsBr 
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[0006] 

immmi tur. mmKm':5\^^x:^¥m(Dmmm(omm 

0 Hi A 1 -Mg-&^<D^|i}gl!i^JS©S!jg*^&figJg 

tx'^^.txmmmm. m 2 (iJei^^?!j^B<o4fig*^&figjg 
$ X'<oxmmmm. 0 3 2 u^c^xgo^sffi 

[0 0 0 7] *%?3K:fet>T«, 01. 04k:^5-rJ:5 

tc, $-r, ( 1 ) mmmcttLXi^mm^ 3 0 or^ji 
t^jf LfcA 1 -ug-^omm^. 'e<o'^<Dm^^ 

a&svHi, (2) jKffltssfiKj^-rsiifiSa 1 0 

Ot:*tilfc«if Lfci^B^^O^fiE^ffi-rTcE^r-ttfA 1 

cDfKffl^*T*. iSffli^igitOTT-*^o#*B^Biaefe5i/^{i 
t^ct T-iSfcBe^ja4«©»j^B*^a^^?-&, m^©« 

^ii, 7. ^ XSlii* if <DiiE^3iT'{ifSffl^« 2 0 % 
-9 0%, »$U<«3 0%~7 0% (3 0%?|c}SST« 
»3 , 7 0 %]l)U:T{i^**A^IS?.A^t>fc 

lt<*5) fcU Jftll^Jf»fSig}*T*ttO. 1%~7 0 

%, »tL<(i0. 1 %~ 5 0 % ( 5 0 %JeU:T*«ffi^ 

[0 0 0 8] mmi\^imT(ot^K><o^m^i:.*)V^m 

*Jli6So 02^J:i;03«>ig [1] K:^V^T7F;^ 

1 ortti:An6.nfc^^?Kf*-ei&«^JSM%ijg [2] 

tC^feV^T. (a) ?^aiffl}i&ft2 O^ffllTffiigiSS (ig. 
glc^SCTi^^B^^fiic^iEjI-rSTU^^iSjIin) A^^iSa 
:^«^4^-&Bifgi%S*W-rs-b'5 ^ y ^©ggg 3 0 
(•fc^^ vi^^-r-f i^^^SOA) Ka<% Sfc 

a, (b) sifflffl«s*figffi5i7c^*#tyii!^it±<D{g© 

OA) fca<% oi/^-rn*^<D:)^}itcj:o^a<D!KB^B^* 

'^tsmmmrf<ry^^^m^. of^tcxg [3] kjsv^ 
T, miwmmzo i^rdtz OA) tfei/^r^^* 

mmamT'yY^-fhmj^ii^^L ( [3] - 



(4) 

5 

©fflSi: LT^mfS ( [3] -c) . CKDi^KLT 

m^tircm^oymtsm^^t^^mu^. m^i£ [3] 
tc^if^iiT, h-^i/yio^m^^ v^rw 5 0a rt-etnE 

[0 0 0 9] EI2^ mSiC^t^^mtU^Oi- 

^y++7.h}s, u^^^xvm. (om^Hm^K>m^ 
fc*i-?&^ffl?6M2 0'\(Da^ie. siso^fig, 

[0 0 10] ^jgiggA^gll^lCi* LT 3 0 0 °C&L±Mif 
nff> «5V>«?&A2 0«D^®iafiA^il!^a±<O^T 
(1) iKS©^4A^'>ft<, L*>t,. (2) Wf«i 

tcw-r5jSiig!b^3oot:7fe?Si:L, ri&*£OSffijat 
{±, -&^©si!j^<fc»)«.<s<-r5o ^43. jtfflifiit*f-r5 30 

0 ©i&a^^^MOBj^ J; ») 5 0 r JX±<S < f 5 ii t 
* 2 0 ti:jgSM%gM^-&5:^j£ i: LTtt, 

TtCigTt/'cjg^%«it-r5eil^§83 0ti, ^^bfc 40 

$ii«BffKisii3 0 1 Lrmm-t?>m^iai. ^mm^ 
(pfmnmn. mehh^^^) ict^ctti^v^ 
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6 

i/^c f-<D»i^i^ 3 0 X'<ou^mmi)^ 5 i^*jST'fen 
fc, 9 0 5 i:i^-*fflai*=e-r si«}giB*#s 

ta^{42 0%~9 0%i:-r5Ci:AW*LV'>o ^SJc, 

[0 0 1 1] s^M%efei!?-e-5ji&S2 0tt. 'im(jm 

Tfeft2 0ttlg^^*^<4Bg-r5<DT'»$tV\ ^43, 
}g^M*%* 2 0 lcSMbfc^tcHft4^fc^SA^}i&A 2 

[0 0 12] s i a, ±mLrcmm}^<omnt^im 
■rsfei&K^jto-rso si«, o. 3%5kmTim^it 
i&m^mtimnxit. trc2. 5%^s^T^inLT 

±m^X^it^^rcib. SittO. 3%~2. 5%i;-r 
So mR2 0tcJ:D}SSM*?&ai-rsjigl?. ^tJCA 1 

Beit. 0. ooo5%^mximitm±f^^iu^-s 

<. 0. 0 0 3%^M^T^AnLTfc^-nti±<OS!{bB6 

ooo5%~o. 0 0 3%tt^o f^m2o icmmu^ 

sv>tt. (2) mmmizMt^T^mm^ i o ot:7S}iic 
trcmm^m^'x. f^mcmmt^^ctrs^f^^^m 
^^^tsmmtmr<oii^mt^m^rcmc. t i . 
n^mmt^o Ti«. 0. 0 0 5 %*}iiT'««a«B{k55!) 



(5) 
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